Applying a Stochastic Production Frontier to sector-level data within manufacturing sector in India, this paper examines Total Factor Productivity (TFP) growth during 1979-80 to 1997-98. The analysis focuses on the trend of technical progress (TP) and Technical Efficiency Change (TEC). The empirical result suggests that the TFP growth in a large number of industries have improved during 1997-98 compared to 1980-81. TFP growth is mainly driven by TP not by TEC in case of Indian economy since the coefficient of TEC is negative. In the light of empirical results, the policy implication is that the priority to boost economic growth should be in the enhancement of productivity based catching-up capability. In this direction, an efficiency oriented action plan aimed to improve productivity efficiency of manufacturing sectors is required to be implemented for removing the fiscal and financial constraints faced by the enterprises which are located in industrially backward areas. JEL Classifications: D24, L60, O30, O53, O47
INTRODUCTION
India's post-independence development plans have emphasized industrialization as a very important instrument for sustained growth. The growth experience of Indian manufacturing industry from 1951 can be divided into three distinct sub-periods, (Nayyar,1994) . These are 1951 to 1965 (the period of rapid industrial growth), 1965 to 1975 (the period of industrial deceleration or relative industrial stagnation) and finally, the period from 1975 onwards (the period of recovery and acceleration). Inter-temporal variations in the rates of growth of output in India's manufacturing sectors have been explained in a number of studies. Those studies were concerned with the marked deceleration in growth rate in Indian manufacturing experienced after the mid-sixties. The disappointing performance of the industrial sectors, therefore, forced the policymakers to revise their policy tools.
In the late 1970s, they started implementing some reforms such as " reducing the barriers to entry and expansion, simplifying procedures, and providing easier access to better technology and intermediate material imports" (Ahluwalia, 1991) . There were some additional reforms during the 1980s, but the most radical reforms were initiated since 1991, after the severe economic crisis in the fiscal year 1990/91. The major policy changes initiated in the industrial sector since July 1991 include removal of entry barriers, reduction of areas reserved exclusively for public sector, rationalization of approach towards monopolistic and restrictive practices, liberalization of foreign investment policy, far-reaching liberalization of import policy with respect to intermediate and capital goods, measures to bring about regional balance, especially the development of backward areas, and encouraging the growth of employment intensive small and tiny sector.
Today, although manufacturing accounts for little over one fifth of the total national output (GDP) and shows declining share in total employment, many economists argue that the economic health of manufacturing has important implications for the nation and it still forms an integral part of the Indian economy. Keeping in view the importance of the sector in terms of output and employment generation the thrust of the economic reforms has been to provide stimulus for further growth by targeting production for the global markets. The sector is thus expected to accelerate growth and launch the economy on a higher growth trajectory. Two pre-requisites, which are needed to fuel manufacturing growth, i.e., enhancement of productivity and competitiveness, have thus been the target of the recent policies towards this sector. It is well established that the physical capital needs to be complemented by human capital in order to achieve higher levels of productivity and to compete in the global markets.
A number of studies have been conducted in the manufacturing sector in India. Several studies like Ahluwalia (1991) , Goldar (1986) , Upender (1996) , Kumar (2002) , Aggarwal and Kumar (1991) , Balakrishnan and Pushpangadan (1994) , Rao (1996) have measured the productivity trends and growth of Indian manufacturing sector during the post independence period. Most of them have discussed the measurement of Total Factor Productivity (TFP) growth rate both at the aggregate and disaggregate levels and studies like Joshi and Little (1996) and Srinivasan (1996) have examined the impact of the reforms on Indian manufacturing sector at the aggregate level. Mitra (1999) has used the methodology suggested by Cornwell et al. (1990) to study the technical efficiency (TE) and TFP growth in Indian industries. A frontier production function is estimated for each of the industries using statewise, year-wise panel data, which covers 15 states and 17 two-digit industries for the period 1976-77 to 1992-93. Besides, he has also estimated TFP at the all-India level. The estimate show that there has been a decline in TFPG in four industries, namely, food products, beverages and tobacco products, basic metals, and metal products in most of the states during 1985-86 to 1992-93. Whereas in remaining 13 industries, there has been an increasing trend in TFPG during 1985-86 to 1992-93 as compared to 1976-77 to 1984-85. The present paper differs from the previous literature in particular on the ground of specific focus on explaining a method to decompose the TFP growth into technological progress (TP) and changes in TE within the framework of the time varying coefficients frontier production function. The translog production function, as used in this study, is more appropriate to describe the production activities at the industry level rather than aggregate country level.
The paper is set out as follows. The next section outlines the stochastic frontier production function methodology employed to measure rates of TFP growth. Following this, data description and measurement framework used for productivity, and quantitative results have been presented. The last section contains some concluding remarks.
METHODOLOGY

Decomposition of TFP
Output growth overtime is usually attributed to growth in inputs and improvement in TFP. While measuring the sources of output growth, the contribution of TFP is always estimated as a residual, after accounting for the growth of inputs. If the industries operate on their production frontiers producing the maximum possible output or realizing the full potential of the technology, then that implies that improvement of productivity arises from technological progress. Operation on the frontier can be achieved if industries follow the best practice methods of application of technology commonly referred as technical efficiency. So, productivity improvements can be achieved in two ways: one can either improve the state of technology by innovation, which is commonly, referred as technological progress or alternatively, one can implement procedures, such as improved workers' education to ensure workers use the existing technology more efficiently, known as technical efficiency. Thus, the decomposition of TFP can be introduced in the production function,
where y it F is the potential output level on the frontier at time t for production unit i, given technology f(.) and x it is a vector of inputs. Following Nishimizu and Page (1982) , a stochastic element can be introduced in the production function. Then any observed output y it using x it for inputs can be expressed as,
where (u it + v it ) is a composed error term combining output-based technical inefficiency u it , and a symmetric component v it capturing random variation across production unit and random shocks that are external to its control. The derivative of the logarithm of equation (2) 
From equation (3), it is evident that TFP growth consists of two components: technical progress and technical efficiency change.
MODEL SPECIFICATION
The most commonly used tool of analysis for measuring technical efficiency is the frontier production function. In the neoclassical theory of production, the stochastic production function defines the maximum possible output of a firm for combinations of inputs and technology. The frontier approach is capable of capturing both efficiency change and technological change as components of productivity change. In order to analyze the technical efficiency change and role of productivity change in economic growth, we will consider the time-varying stochastic production frontier, originally proposed by Aigner, Lovell and Schmidt (1977) (4), y it is the observed output, t is the time variable and x variables are inputs, subscripts j and i index input. The efficiency error, u, accounting for the production loss due to unit-specific technical inefficiency, is always greater than or equal to zero and assumed to be independent of the random error, v, which is assumed to have the usual properties (~iid N(0,σ v 2 )). Equation (4) Where y it is the value-added, K and L are the inputs for capital and labor respectively. The above specification allows the estimation of both TP in the stochastic frontier and time-varying technical efficiency. Note that the translog parameterization of this stochastic frontier model allows for non-neutral TP. TP is neutral if all β tj 's are equal to zero. The production function reduces to the CobbDouglas function with neutral TP if all the βs are equal to zero.
The distribution of technical inefficiency effects, u it, is taken to be nonnegative truncation of the normal distribution N (µ,σ u 2 ), modeled, following (Battese & Coelli 1992 , Greene 1997 , to be the product of an exponential function of time as
Here, the unknown parameter η represents the rate of change in technical inefficiency, and the non-negative random variable U i , is the technical inefficiency effect for the i-th production unit in the last year for the data set. That is, the technical inefficiency effects in earlier periods are deterministic exponential function of the inefficiency effects for the corresponding forms in the final period (i.e.U iT =U i , given that data for the i-th production unit are available in period T). τ(i) is the set of T time periods. So that production unit with a positive η is likely to improve its level of efficiency over time and vice-versa. A value of η=0 implies no time-effect. Since the estimates of technical efficiency are sensitive to the choice of distribution assumptions, we consider truncated normal distribution for general specifications for one-sided error u it , and half-normal distribution can be tested by LR test.
Given the estimates of parameters in equations (5) and (6), the technical efficiency level of unit i at time t is then defined as the ratio of the actual output to the potential output,
and TEC is the change in TE , and the rate of technological progress is defined by,
that is, the technical change for i-th production unit can be calculated directly from the estimated parameters by evaluating the partial derivative of the production function with respect to time (at a particular date point). However, if technical change is non-neutral then this technical change may vary for different input vectors. Hence, following Coelli, Rao and Battese (1998) , we use the geometric mean between adjacent periods as a proxy,
Both TE it and TP it vary over time and across the production units.
DATA SOURCES AND MEASUREMENT OF VARIABLES
The main data source is the Annual Survey of Industries (ASI), which is published by the Central Statistical Organization of India. The ASI considers only registered manufacturing sectors. In the ASI, the manufacturing industries are classified under 17 sectors at two-digit industrial classification levels 1 . The ASI data on total output, net value added, gross value added, and wages to employees are in levels at the end of the financial year, and all series are in nominal terms. By using appropriate price index series, we have converted the nominal values to the real values, at 1981 constant prices. Although there are some problems with reliability of the ASI, such as variations in coverage, changes in industrial classification, missing variables, and so on, the ASI is the only publicly available source for data on output, employment, compensation, capital stocks, etc.
The period chosen for the analysis in the present study is 1979-80 to 1997-98. Gross value added figures have been used as an index of output. Following Goldar (1986) , we have preferred gross value added as an index of output in place of net value added because depreciation charges in the Indian industries are known to be highly arbitrary, fixed by income tax authorities and seldom represent actual consumption. It may be pointed out, however, that from the data available to us it is extremely difficult to arrive at proper estimate of capital consumption.
To make correction for nominal gross value added to real one, the yearly current value has been deflated (single deflation) by a suitable price index. In this study, the wholesale price index (WPI) is used and the sector specific index has been employed for the corresponding manufacturing industries. In case of Textile, Machinery and Equipments, and other manufacturing industries when sector WPIs are not available, WPI for all manufactured products has been used as a proxy.
To construct capital stocks, we have used the gross fixed capital formation series 2 . Obviously, in order to increase the reliability of our initial capital stocks estimates, there is a need for longer time series. However, in our case this was not possible because of the reclassification of industries in 1970. The standard Perpetual Inventory Method (PIM) has been used here to construct the capital stock under a uniform 5% depreciation rate with 1979-80 as benchmark, i.e.,
where K i,t is capital stock of sector i at period t, I it is capital formation and δ is depreciation rate. The series on fixed capital has been deflated by the WPI of machinery and machine tools. Following common practice, the initial capital stock series is initialized by the following equation:
where I i,0 is the first year investment data available in the sample, g i is the average growth in the sample years of investment series and δ is the depreciation rate. Here, we implicitly assume that no capital stock existed before 1979/80 for all sectors in question. Past studies have shown that given positive rates of depreciation and sufficiently long investment series, the PIM is insensitive to the level of capital used to initialize the series.
The number of workers employed in each sector is for labor input, which is not adjusted for changing quality or skill composition due to lack of consistent data 3 .
EMPIRICAL RESULTS
The study has estimated the trends of TFP growth, technical progress, and technical efficiency changes in case of two-digit disaggregate manufacturing level during 1980-81 to 1997-98. The estimation of parameters in the stochastic frontier model given by the equations (5) and (6) are carried out via maximum-likelihood method, using the program FRONTIER 4.1 (Coelli, 1996) . Further, the decomposition of TFP growth into TP and TEC has been calculated in case of disaggregate manufacturing level. Besides the inter-temporal comparison of growth of TFP, TP and TEC, an attempt has also been made to examine the consistency of the estimates by applying monotonicity and convexity properties of the production theory (please see appendix).
Following Kumar (2002) , the following seven basic models have been estimated in order to choose appropriate functional form to check the validity of modelling of the technical inefficiency effects and the technical change captured by a time trend. Model 1.0, involving all parameters being estimated, is the stochastic translog frontier production function in which the technical inefficiency effects, it , have the time varying structure and follow truncated normal distribution. Model 1.1 is the stochastic Cobb-Douglas frontier production function with Hicks-neutral technical change and time-varying technical inefficiency effects. Model 1.2 is the stochastic translog frontier with no technical change and time-varying technical inefficiency effects. Model 1.3 is stochastic translog frontier with Hick-neutral technical change and time-varying technical inefficiency effects. Model 1.4 is the traditional specification of translog production function in which the production is assumed to be fully efficient, i.e. the technical inefficiency effects, are absent from the model. Model 1.5 is the special case of model 1.0 in which the it have halfnormal distribution. Model 1.6 is another special case of model 1.0 in which it u is time-invariant considered by Battese and Coelli (1988) and Battese, Coelli & Colby (1989) . u u Table 1 shows the results of various (frontier) production functions while Table 2 presents the LR tests results of various null hypotheses 4 . Given the specifications of translog frontier and the results of statistical tests on the estimated parameters, the preferred models are chosen as model 1.5. It can be seen that most of coefficients obtained in model 1.5 are significant at 1 percent level. An implication of the non-fulfillment of Hicks-neutrality test is that technical change in Indian industries involves a technical bias. The coefficient of (In L)t is negative while that of (In K)t is positive, which suggests a labor saving bias of technological progress. The conditions for constant returns to scale are α L +α K =1; β LL +β LK =0; β KK + β LK =0 and β Lt + β Kt =0. Thus, from the result, the returns to scale are found to be nonconstant. Finally, The estimated function satisfies the regularity conditions of monotonicity and concavity. Estimated TFP growth rate are presented in Table 3 . According to the Table 3 , the TFP growth rate trend has increased in most of the industries in period 1997-98 as compared to 1980-81. Sub sectors like chemical products, basic metals, rubber and petroleum products, transport, and other manufacturing are having higher growth rate as compared to industries like jute textiles, beverages, leather products, and metal products. The highest growth rate is observed for " chemical products" and the lowest growth rate for " jute textiles". From this result, it can be pointed out that investment in social overheads, learning by doing and changes in skill composition (human capital) must have a significant favourable influence on TFP. Also investments in the new industries like information technology, automobile are already embodied advance technological knowledge. The overall estimates in the present study indicate that the performance of the large-scale sector is better. During the study period there must have been a significant improvement in the quality of labour and massive inflow of advanced foreign technology embodied in new capital goods. Table 4 shows the industry-specific technological progress of manufacturing sector in India. The rate of technical progress starts at a fairly low level in the initial period, however, it increases quite rapidly from 1985-86. Industries like chemical products, basic metals, and rubber, petroleum and coal products are having better technological progress as compared to industries like jute textiles, beverages, and wood products. The new industrial policy and the process of economic reforms in Indian economy, which were initiated in 1985, may be cited as the most probable reason for this very impressive technological progress. Some of the provisions of the new policy were:(i) It abolished industrial licenses for all projects, except for a short List of 18 specified industries related to (a) securities and strategic areas (b) hazardous chemicals (c) items of elitist consumption. (ii) It removed the asset limits for MRTP totally. (iii) It raised the limit for foreign equity holding 40 per cent to 51 per cent. (iv) Industry reserved for the small-scale sectors would continue to be so reserved. (v) The policy promised social security mechanisms to protect workers interest in affected public sector enterprises. Table 5 shows the time-variant industry-specific predictors of technical efficiency change based on equation (7). On the whole, the assumptions that technical inefficiency effects u it are time varying and follow truncated half-normal distribution are accepted by the data. From this table, the results show that there are negative trend in technical efficiency in all the industries of Indian economy. Technical efficiency is directly related to technical know-how and socio economic characteristics of the industrial workers. Any variation in these attributes tend to cause differences in technical efficiency amongst workers, which in turn lead to variations in total productivity achieved by them. There are some probable factors, which may affect the efficiency of workers in the case of Indian economy. Some factors are associated with technical knowledge and some with socio-economic variables. In India, except heavy industries, other industries are basically producing output by labor intensive techniques. So, most of the workers are unskilled and have very limited knowledge about how to use best practice technology. Similarly socioeconomic variables like age of the workers, child labour, non-firm income of the worker, health condition, poverty, bureaucratic controls are assumed to be relevant for the negative TEC.
DECOMPOSITION OF TFP GROWTH
The estimates of Technical Efficiency (TE) and Technological Progress (TP) are derived from equation (3), and the sectoral TFP growth is not calculated as a residual but is obtained by summing changes in TE and TP. The eighth column of Table 6 shows that the TFP growth has increased in most of the industries in 1997-98 as compared to 1980-81. Some authors argue that this dynamism happened because of institutional reforms started in early 1980s and the results show a strong productivity growth. Nevertheless, the decomposition of TFP growth into technical efficiency change and technological progress does help to understand these changes. Here, the results reveal that output growth, induced by reforms, can be attributed to productivity growth, of which technological progress is the most dominant component. The negative sign for technical efficiency change indicates that the capacity realization declined. Within the manufacturing sector, there is heterogeneity among the industries on the basis of technical efficiency change. Industries such as chemical products, basic metals, and other manufacturing are little efficient as compared to traditional sectors like jute, beverage, cotton, and wool. Petroleum, and Coal, [35] [36] [20] [21] Petroleum, and Coal, [35] [36] 
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CONCLUSIONS
In this paper, we have analyzed the technical efficiency change and role of productivity change in economic growth by using stochastic production frontier to two-digit registered manufacturing sector in India. The stochastic frontier production function developed by Battese and Coelli (1992) allowing time varying technical inefficiency has been considered and tested the assumption regarding the parameters of time varying technical inefficiency.
Using the translog approaches to the model based on panel data, we have estimated the parameters of production function and rate of technological progress and technical efficiency change for each industry group. The TFP has calculated from the estimated production function and the growth rate seems to have improved in a large number of industries during 1980-81 to 1997-98. The two TFP components, technical efficiency change and technological progress, have been estimated separately. The decomposition results show that TFP are not mainly driven by efficiency change but by technological progress. Finally, the measures of TFP growth components not only provide more insights and better understanding of the dynamic nature of the production process, but also have important policy implication. For example, policy action intended to improve TFP growth rate might be misdirected if they focus on accelerating the rate of innovation in circumstances where the cause of total factor productivity can be due to the low rate of technology diffusion (technical inefficiency), which really happened in the case of Indian manufacturing sector. A thorough examination of industrial policy resolutions and five-year plans reveal that the importance and contribution of efficiency in industrial growth has been neglected or given second priority in the framework of industrial development strategy. In this direction, the governments should take some action to improve productivity efficiency of manufacturing sector, especially, in the case of industrially backward states. Once efficiency increases, it enhances competitiveness by achieving the potential output.
There are several directions that the current work can be extended. First, one can update the data up to year 2000 by merging the old NIC 1987 code with recent NIC 1998 code. However, necessary information for the aggregation of sub sector into two-digit code is not yet available. Second, note that in our exercise we did not account for the quality of capital and quality of labor force such as skill levels or education level of worker across industries. Quality of capital changes relates to the definition of TFP growth and embodiment/disembodiment debate. In empirical studies, when quality changes in inputs are translated to quantity changes in output, they constitute embodied technical change and are attributed to TFP growth. Jorgenson & Griliches (1972) pointed out that quality changes estimated from differences in marginal product or related to different vintages should be counted as inputs, which essentially means that all embodied technical change is to be transformed to inputs and thus the residual TFP measures only disembodied technical change. Therefore, productivity analysis based on more finely disaggregated labor and capital inputs will reveal more information about the performance of these sectors. Third, carefully constructed labor elasticity data, based on three-digit level may gives us a more accurate picture of the factor productivity performance of these sectors. Clearly, there is a demand for further research and subsequent attempts in this direction will hopefully allow us to explore these alternatives in detail.
APPENDICIES Testing Monotonicity & Concavity of the Estimated Function
It is at this point that a criterion to evaluated the model is introduced, that of consistency of the estimates with the properties of production theory. We obtain estimates of production elasticities and evaluate monotonicity and concavity ex-post, both for the sample mean and for every sample point.
The output elasticities for each of the inputs, calculated from the translog coefficients, at the variable means, are of interest. These elasticities with respect to the inputs, x j , for the translog is Since we have already mean-corrected the data prior to the estimation, the estimated first-order parameters in the translog function can be directly interpreted as estimates of the production elasticities, evaluated at the sample means.
One of the long established criticisms of the structure of production and its inefficiencies has been the size of production-units in estimation. Therefore, a measure of the economies of scale in production is computed. For non-homogeneous functions such as the translog, the function coefficient is not invariant with respect to initial input levels, and is the sum of the elasticities of each inputs, that is, From appendix table 1, one can see that our estimated parameter satisfy both monotonicity and quasi-curvature conditions so that the estimated parameters are reliable. 
APPENDIX
ENDNOTES
1 ASI consists of 26 sectors in total industry at two-digit classification, 19 sectors in manufacturing, i.e., code 20 to 38. We have also detected that codes 20-21 and 35-36 are the same by definition, which leaves us with manufacturing sectors. 2 There are a lot of controversies regarding the measurement of the " capital stock" series and only several are mentioned here. First, the choice between capital gross or net of depreciation. Gross capital stock representing the cumulative flow of investments is unlikely to be valid in many instances whilst there is a tendency to over-state depreciation if net measures is used. Many works have chosen a much lower depreciation rate, 4% pa for example, than the depreciation rate estimated from deflating official nominal depreciation, especially for the less developed economies. Therefore, in this study we are assuming the depreciation rate of 5%. Second, the composition of the capital input. Due to the data limitation in manufacturing sector-level, we exclude the land from the aggregate capital stock. It also relates to the quality changes, etc.. 3 Corrections for the quality of labor input have generally relied on changes in the education of the labor force to account for the heterogeneity of the labor. By doing so, a larger share of output growth will be attributed to the factor 'labor' instead of the residual factor 'productivity growth'. That is, this can shift the appreciation of the sources of growth from externalities or spillovers captured by the productivity residual to the effects of investment in human capital. 4 The translog function is likely to encounter a high level of multicollinearity due to the presence of the squared and interaction terms in the translog function so that some parameters could turn out non-significant to the usual t-test even if they are non-zero. To address this point, we have performed a number of LR tests, by dropping some variables that are suspected of causing the problem from the regression, to identify the adequate functional form. Also, all variables are normalized by the corresponding sample mean prior to estimation as translog functional form requires that the underlying function be approximated around a specific point. In other words, at the sample mean, all squared and interaction terms are disappear and only the coefficients of labor and capital variables exist.
